Trehalose accumulation, invertase activity and physiological characteristics of 86 yeast isolates from short fermentative cycles during the production of cachaça in three artisanal distilleries of the State of Minas Gerais were studied. Among these isolates, 70% were able to grow at temperatures between 40 and 42ºC. Only Saccharomyces cerevisiae isolates were able to grow over 40ºC. Lower temperatures (<40ºC) favoured the growth of yeasts such as Candida parapsilosis-like, C. maltosa-like, Kloeckera japonica, S. exiguus and C. bombicola-like. The isolates from all three distilleries were ethanol tolerant, produced invertase, and accumulate trehalose in the presence of glucose. The strains isolated from distillery A presented more resistance to ethanol (around 84.2% of the strains were able to grow in the presence of 12% ethanol) when compared to the ones from distilleries C and B (9.5% and no strain, respectively). The strains of S. cerevisiae isolated from the three distilleries presented a higher capacity to produce invertase and accumulate trehalose in the presence of glucose. Based on the results of thermal and ethanol stress experiments, it was possible to identify strong relationship between intracellular trehalose accumulation and cell viability. The increase in cell viability was even more pronounced when the strains were subjected to a pre-treatment at sublethal temperatures.
INTRODUCTION
The production of many different alcolholic beverages involves spontaneous fermentations caused by microorganisms present in the raw materials and/or the equipments (10) . Such a natural fermentation process takes place in the production of sugar cane cachaça (aguardente) in Minas Gerais State. Cachaça production in Minas Gerais amounts to approximatelly 210 milion liters per year, through the distillation of the fermented sugar cane must. This production occurs from May to December, during the sugar cane cropping period. One of the main peculiarity of the artisanal production of cachaça is the preparation of the starter ferment, which consists of the propagation of the fermentative microbiota through a mix of sugar cane juice with corn, rice and/or soya flour. The process occurs inside the fermentation vat and can last from 5 to 20 days, until the yeast population is sufficient to initiate the fermentative cycle. The fermentative cycle results in the consumption of the total sugar present in the sugar cane juice and occurs in a period that can vary between 18 to 48 hours. The yeast communities present in such fermentations are in constant succession, and the species present in the fresh sugar cane juice are constantly introduced in the microenvironment of the fermentation. Saccharomyces cerevisiae is the predominant species at the end of starter preparation and during the fermentative cycle (14, 18) .
The physiological abilities of the yeast strains isolated from fermented must have a special relevance in understanding the mechanisms involved in must colonization, and determining the optimum conditions to maintain healthy fermentations (17) . In S. cerevisiae, a strong correlation between trehalose content and stress resistence has been demonstrated in different strains, in a variety of growth conditions, during sublethal heat treatment and other stress conditions (4, 24) . Some of the unique features of cachaça fermentation, namely a short fermentative cycle with the daily addition of sugar cane juice, a high ethanol concentration and a high fermentation temperature may be responsible for the selection of highly adapted yeast strains. In this work, yeasts isolated during 24 h-fermentation cycles of three cachaça distilleries in the State of Minas Gerais were studied for their osmotolerance, ability to grow and ferment at high temperatures, alcohol tolerance, invertase activity, and trehalose accumulation under normal and stressful conditions.
MATERIALS AND METHODS
Eighty-six yeasts were isolated from three cachaça distilleries in State of Minas Gerais as described in Pataro et al. (18) . The samplings were made at 4 h intervals during the 24 h fermentative cycle of cachaça production. The strains were characterized according to standard methods (8, 23) , and identified by the keys of Barnett et al. (2) and Kurtzman and Fell (9) .
The yeast isolates were grown on modified Sabouraud agar (D-glucose 2%, peptone 1%, yeast extract 0.5%, and agar 2%) at room temperatures for 24 h, and 0.1 ml of a suspension containing 1x10 7 cells was inoculated in 5 ml of the following culture media: Sabouraud broth with 15, 20, 25, 40 and 50% of glucose to test osmotolerance; YM broth (yeast extract 0.3%, malt extract 0.3%, peptone 0.5% and glucose 1%) with 8, 10, 12 and 13 g/l of ethanol (ethanol was added after sterilization and the tubes were covered with a parafilm to avoid ethanol evaporation); and in Sabouraud broth incubated in water bath at 35 to 43ºC to evaluate the maximum growth temperature. Osmotolerance and ethanol resistance were determined at room temperature (25 ± 3ºC). Yeast growth was evaluated from the turbidity of the liquid medium. Fermentation at high temperature was tested in Durham tubes containing fermentation basal medium (peptone 0.75%, yeast extract 0.45% and 2% glucose) and incubated at temperatures from 37 to 45ºC at one degree intervals. The maximum temperature of fermentation was taken to be the highest temperature at which gas production occurred after 24 hours of incubation (13) .
The invertase activity was measured by the dinitrosalicilic (DNS) colorimetric test as described in Ekunsanmi and Odunfa (5) . Each yeast was grown on Sabouraud agar for 48 hours, the cells were diluted in sterile water, washed by centrifugation, and 0.1 g wet weight of each was resuspended in 10 ml of acetate buffer, pH 5.0. One mililiter of each cell suspension was added to 2 ml of 4% sucrose solution in the same buffer and incubated for 5 min. at 30ºC. One unit of invertase activity was defined as the amount of enzyme which liberated one µmol/min of reducing sugars under these conditions.
For trehalose accumulation tests, S. cerevisiae cells were grown in 50 ml YEPD (1% yeast extract, 2% peptone and 2% Dglucose) at room temperature for approximately 24h until glucose was consumed. The cells were filtered through 0.45 µM Millipore membranes and the cell pellet was scraped off the membranes and immediately frozen in a vessel with liquid nitrogen. Trehalose was determined enzymatically with a trehalase preparation extracted from Humicola grisea essentially as described by Neves et al. (15, 16) , and glucose liberated was assayed by the glucose-oxidase method (7) . A trehalase unit was defined as the amount of enzyme which released one mmol glucose per min under the assay conditions.
Two strains of Saccharomyces cerevisiae were selected from each studied distillery, on the basis of the highest and lowest trehalose content, to be subjected to the thermal and ethanol stress tests. The heat shock test and ethanol stress test were performed as described in Ribeiro et al. (19) . For heat shock experiments, the cultures harvested in the presence of glucose were aseptically divided in two aliquots. The first aliquot was given a 50ºC treatment in a water bath for 8 min. The second portion was first preconditioned at 40ºC for 60 min and then immediately exposed to the 50ºC heat shock for 8 min. For ethanol stress experiments, an aliquot containing 100 mg of cells (dry wt) in stationary phase was transferred to a sterile erlenmeyer flask and absolute ethanol was added to a final concentration of 10% (v/v) -modified from Mansure et al. (12) -and incubated at 28ºC at 160 rpm for 24 h. Trehalose accumulation was measured as described previously. Samples for trehalose measurements and cell viability were taken just before and immediately after the treatments for ethanol stress and heat shock. Cell suspensions were appropriately diluted, and spread onto plates containing YEPD agar in triplicate. Tolerance to each treatment was expressed as the percentage of cell survival calculated from the difference in colony forming units (CFU) before and after the treatment.
RESULTS AND DISCUSSION
Most of the isolates (90.7%) were able to grow in the presence of 40% glucose, but none were able to grow in 50% glucose media. The yeasts that were not able to grow in 40% glucose were isolated only in distillery B and correspond to the following species: C. maltosa-like, C. parapsilosis-like, C. rugopelliculosa, C. azyma and K. japonica. Table 1 presents the results obtained from the physiological characterization tests. Most of the strains from distilleries A and B were able to grow at temperatures between 40 and 42ºC but only 18.4% (distillery A) and 25.9% (distillery B) were able to grow at temperatures under 40ºC, representing mainly non-Saccharomyces yeast strains. The maximum fermentation temperature was normally greater than the maximum growth temperature. The highest value for fermentation was 45ºC. Most of the isolates from distillery A (84.2%) grew in the presence of 12% ethanol whereas in distillery C only 9.5% from the isolates were able to grow in that ethanol concentration. In contrast, none of the distillery B isolates could grow in the presence of 12% ethanol. The cachaça fermentation microenvironment therefore appeared to select in favour of osmotolerant and ethanol resistent yeasts. The nonSaccharomyces yeasts that were unable to grow at high sugar and ethanol concentrations were similar to those isolated from sugar cane plantation soils by Corrêa (3) . These data suggest that the non-Saccharomyces species are allochthonous members of the fermentative process, and these yeasts can be introduced daily with the addition of sugar cane juice. However, they disappear in the early phases of the fermentative cycle, being supplanted by S. cerevisiae. The majority of isolates had a maximum growth temperature of 40ºC. The average temperature of cachaça fermentations in Minas Gerais is ca. 30ºC, reaching as much as 42ºC in the hottest regions of the state. Consequently, the presence of the thermotolerant strains in this environment is fundamental to the progress of the fermentative process.
The capacity to produce invertase (Table 1) was greatest in S. cerevisiae, with a maximum activity of 77.2 µmol reducing sugar/mg cell/min. The lowest invertase activity value (0.8 µmol reducing sugar/mg cell/min.) was detected in a C. maltosa-like strain and a K. japonica strain. Our S. cerevisiae isolates showed greater invertase activity than that of a strain of S. cerevisiae isolated from the cassava tuber by Ekunsanmi and Odunfa (5), which had an invertase activity of 30.4 mmol reducing sugar/ mg cell/min. Pataro et al. (17) isolated S. cerevisiae strains in other cachaça fermentations with an invertase activity greater than 100 µmol reducing sugar/mg cell/min. The daily addition, to the fermentation vats, of sugar cane juice with aproximatelly 16% sugar makes this environment selective for yeast that are efficient in the conversion of non-reducing sugars.
Most of the S. cerevisiae strains exhibited a great capacity to accumulate trehalose during the stationary growth phase (Table 1) . S. cerevisiae strains from Distillery A had the highests levels of trehalose accumulation compared to those from distilleries B and C. Yeasts colonizing the fermentation microenvironment of artisanal cachaça production are always under thermal, osmotic and ethanol stress. Recently, it has been shown that intracellular trehalose levels can determine survival potential of yeasts in extreme environmental conditions (1, 15) . Trehalose affords protection against stress in vitro and in vivo when cells are in stationary state or under stress (22) . Many Saccharomyces strains exhibit a strong connection between trehalose accumulation and resistence to stress (5, 6, 11, 20) . Around 40% of the isolated strains accumulated more than 40 mmol glucose/g wet weight in the stationary growth state. This trehalose accumulation capacity may be involved in the survival of strains in cachaça fermentation environments. Tables 2 and 3 show the intracelular trehalose accumulation values and the viability of the S. cerevisiae strains under thermal and ethanol stress, respectively. The strains studied showed significant levels of trehalose accumulation when shifted to a preconditioning treatment at 40ºC for 60 min. A strong relationship between high viability and high trehalose accumulation was observed for all strains tested, specially when shifted to a sublethal temperature preconditioning treatment. Yeast strains submitted to an initial heat shock at 50ºC for 8 min. showed little resistence to severe heat shock and a very low trehalose level. All the yeast tested showed low viability when transferred directly from 28ºC to 50ºC for 8 min (Table 2) . Hottiger et al. (6) reported that a temperature change from 27 to 40ºC in growing cells of S. cerevisiae caused a trehalose accumulation from 0.01 g g -1 protein to 1 g g -1 protein over a period of 60 min. Also a six-fold increase of intracellular trehalose concentration was found by Lewis et al. (11) when S. cerevisiae cells were exposed to a heat shock of 37ºC lasting 45 min. The strong relationship between the trehalose accumulation and strain ; e-Viability of exponential cells first incubated at 28ºC, and then at 40ºC for 1 h; g-Mean ± standard error; h-Survival percentage in relation to no stress control. Table 2 . Intracellular trehalose accumulation and cell viability of Saccharomyces cerevisiae strains submitted to heat stress. survival under thermal stress conditions observed in our studies may play an important role in the predominance of certain strains the fermentation processes. During cachaça fermentation the temperarture can reach 42ºC inside the vats, making this environment selective to yeasts that possess good survival mechanisms under these conditions.
The intracellular trehalose content decreased after an ethanol stress in all of the strains tested (Table 3) . Strain UFMG97-A1681 had the highest capacity to accumulate trehalose and the greater cell viability after ethanol addition. This strain showed a trehalose decrease of approximately 60% after the stress. This yeast was probably able to mobilize the intracelular trehalose to protect its proteins, leading to a greater cell viability (21) . At the end of the fermentative cycle, the fermented sugar cane juice must reach an ethanol concentration near 7% (14) , such that the strains with a higher trehalose accumulation capacity may have a greater survival probability in this environment.
The high adaptation capacity demonstrated by the yeasts isolated from the fermentation enviroment, and the strong relationship between the trehalose accumulation and the cell viability indicate that this could be one of the mecanisms involved in the survival and predominance of the strains in the fermentation vats. This environment may be a source of yeasts that are potentially useful for the biothechnological applications in the production of food and beverages.
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